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Figure 2.  Cue Type 2 (Radar)
Figure 1.  Cue Type 1 (Squares)
Figure 3.  Proposed dynamic radar cues mapped to: 
a) 3 second headway, b)  2 second headway, and 
c) 1 second headway
a b c
Image Source: SpectraCell Laboratories (http://www.spectracell.com/telomere-testing) Image Source: Dr. Pribut’s Blog (http://www.drpribut.com/blog) 
            
Preliminary work to identify an experimental design 
for a future study that will evaluate a CAS designed 
to aid elderly drivers in making informed lane 
change decisions.
Hypotheses:
It was hypothesized that the CAS would improve
decision making for safe lane changes.
We also expected that participants would prefer 
one cue type to another. 
          Introduction
          Six young participants drove on a set of four 
simulated straight sections of rural highway, which 
were each approximately six miles in length. Partici-
pants drove on one side of a four lane roadway while 
they passed clusters of vehicles in the right lane.  A 
CAS was included in a heads-up display and was 
used as an aid in merging maneuvers (Figs. 1 & 2).  
Participants were tested on their ability to select 
when it was safe to merge in either lane. 
Dependent Variables:
 - Headway at the lane change
 - Tailway at the lane change
 - Gap selection
           Methods
           Results
           - No performance differences were found for 
condition (cued, uncued), gender, nor was there an 
interaction between condition and gender.
- Significant differences were found for the 
effectiveness rating of the cue. 
- Significant differences were found for the overall 
judgment rating of the cue.
- There was a significant interaction between gender 
and condition for the rating of the cue reliability.
- There were no significant results showing a cue
benefit on any of the dependent variables.
Experiment one: Investigating cue types
An investigation of visual cues to improve driver safety in changing lanes
           Conclusions
           - There were only significant differences in half 
of the questions on the questionnaire.  Questions 
specific to timing, cue position, and safety all showed 
no significant participant preference.
- The cue was always presented at the same time and 
in the same location.  Thus, it made sense that both
cue types had similar ratings in position and timing.
- The presence of a cue was rated as effective as long 
as it is was pleasing to the eye.
- Cue type 2 was rated most effective because it had 
aesthetically pleasing features (e.g. rounded lines).
- Cue type was static in the preliminary study; 
therefore, no dependent variables were significant.  
We expect a dynamic (graded) cue would yield more
promising results.
           Hypotheses and 
           Predicted Results
Is there a correlation between cellular senescence 
and SOP impairment? We expect that these two 
measures will be related. 
Can instrumental activities of daily living 
such as driving provide a more sensitive outcome 
measure than specified cognitive phenotypes when 
investigating effects of biological factors?  We 
hypothesize relationships between telomere length 
and driving performance may be stronger than 
interactions between telomere length and SOP 
composite scores since performance measurements 
are specific to behavior that involves integrated 
cognitive functions whereas SOP scores are more 
individualized.
           Introduction
        The broad goal of this research project is to 
determine the relationship between biological 
factors and patterns of performance and safety 
errors in elderly individuals with age-related 
impairments affecting speed of processing (SOP)
abilities.
The results of this research will allow us to 
determine the relationships between genetic risk 
factor (telomere length) that may impact cognitive 
decline and tactical decision making abilities in the 
elderly cohort, measured in context, in simulated 
real-world settings.
              
         1. Evaluate the relationship between age, 
biological factors (e.g., telomere length), and 
phenotypes of cognitive profiles (e.g., speed of 
processing) derived from a standardized cognitive 
test battery. 
2. Evaluate the relationship between age, biological 
factors (e.g., telomere length), and cognitive profiles
on cognitively demanding scenarios of real world 
tasks implemented in interactive driving simulations 
and to develop in-vehicle countermeasures that 
decrease crash risk and increase mobility in these 
older drivers. 
           Aims
           Design
                 Scenarios will be presented as cued and 
            uncued.  The cued condition will involve the 
presentation of a visual graphic mapped onto 
patterns of traffic density and proximity to assist 
driving merging maneuvers (Fig. 3).
Participants 
To have reasonable (>80%) power to detect effect 
sizes of at least .225 seconds differences for the 
outcome of tailway time, 18-30 subjects would be 
required per group for a total of 54-90 subjects. 
We are increasing this to a total of 120 subjects to 
account for subjects within a pilot study, expected 
dropouts in the formal study, and to obtain an 
adequate sample size (>100) for analyzing telomere
length.
Experiment two: Biological factors and older driver safety Overview
A preliminary study was conducted to find an effective augmented 
reality cue to be used in a collision avoidance system (CAS) study to 
aid elderly drivers in lane changing decisions.  
Results from the first study are being used to create a lane-
changing experiment that will determine the relationship between 
biological factors and patterns of performance and safety errors in 
elderly drivers. 
Findings specific to biological factors indicate that cellular senescence is 
common with aging, but researchers are making discoveries for 
interventions that may offset typical decline.  For example, Xu et al. (2009) 
found the use of multivitamins to be linked with longer telomere length in 
women.  Additionally, Epel et al. (2004) found that stress may promote 
earlier onset of age-related diseases as the result of accelerated telomere 
shortening. In gist, research in this area has the potential to identify aids, 
exercises, and supplements to offset the negative consequences of 
telomere shortening. 
Telomeres are DNA-protein structures that cap the end of a gene to make 
it stable (Fig. 4). The length of a telomere decreases with increasing age 
(Bekaert et al., 2007; Demissie et al., 2006; Frenck et al., 1998; Fig. 5). 
Studies on age versus telomere length have shown that telomere 
shortening in young adulthood appears to be minimal and accelerated 
in later years (50–70 years) (Iwama et al., 1998; Rufer et al., 1999). Recent 
research points to telomere shortening having a role in cellular aging, 
disease, and it is strongly associated with higher mortality rates 
(Cawthon et al., 2003).
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Figure 4.  Telomere length Figure 5.  Telemere length vs. ageStatistics have shown elderly drivers to be the party at fault in disproportionately more crashes than any other age group of drivers (NHTSA, 2005).  Limited vision due to vehicle blind spots, difficulty in determining the speed of other vehicles, and a lack of focus on the 
roadway ahead, are all characteristics of changing lanes that create a situation where information must be processed quickly for 
completion of a safe maneuver (Alonso, 2008).
A three-year study of crash data from five states (Illinois, Michigan, Minnesota, North Carolina, and Utah) found elderly drivers were 63%
more likely to be merging or changing lanes just before a collision.  In addition, elderly drivers were five times more likely than middle 
aged drivers to fail to yield when merging or changing lanes (Knoblauch, 1997).  One reason why driver-side and interior rearview 
mirrors may fail to provide enough information for safe lane changes is they often do not provide drivers with a complete view of the 
area to the rear and sides of a vehicle (Ayres, 2005).  The National Highway Traffic Safety Administration (NHTSA) states that looking at 
an external object while driving increases the changes of being in a traffic accident by a factor of 3.7 (NHTSA).  A study of preferred 
shapes for warning labels showed equilateral triangle pointing downward was the most preferred warning shape of US citizens, 
followed by the diamond, the octagon, and the equilateral triangle pointing upward (Riley et al., 1982).  The fact that these symbols are 
preferred as a warning suggested to the researchers that these shapes should not be used in a potential HUD.  
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